Conventional sonographic evaluation of the cervix and vagina is compromised by inattention, poor subject contrast, and obscuring artifacts. We describe a technique involving distention of the vaginal canal and fornices with ultrasound gel, providing an acoustic window for improved definition of the cervix and vagina. This exam is usually performed in concert with transvaginal sonography, but a transabdominal or transperineal approach may be more useful in selected scenarios. A wide variety of formerly sonographically inconspicuous conditions are demonstrable with this technique, many of which were undetected or inadequately characterized on the physical exam. Cervical polyps were the most commonly seen abnormality.
S
onographic evaluation of the vagina and distal cervix is limited by multiple sonographic and anatomic factors. The vagina may be unexamined as the endovaginal transducer is advanced into the vaginal fornices. 1 Poor contrast resolution caused by their similar echogenicities limits discrimination between cervical and vaginal pathology. The variable orientation of the cervix relative to the vagina is dependent upon uterine position, the degree of bladder distention, and pelvic floor strength. These factors create critical angle artifacts, obscuring the junction of the cervix and vagina. Sonographic distortion of cervical and vaginal morphology may result from excessive manual pressure created by the endovaginal transducer. Lower spatial resolution limits transabdominal sonographic assessment of this region.
Distention of the vagina with ultrasound gel has been used with ultrasound and MRI to enhance assessment of the female pelvis. 2 The efficacy of sonovaginography has been well-demonstrated in the evaluation of deep infiltrating endometriosis in the posterior compartment of the pelvis. 3 Three-dimensional (3D) ultrasound with vaginal distention was described for delineation of m€ ullerian anomalies. 4 Volumetric sonocervicography was introduced for categorization of complex utero-cervical-vaginal anomalies, performed with a Foley catheter(s) placed within the vagina, followed by vaginal distention with saline to achieve virtual speculoscopy. 5 We illustrate a simple technique to augment assessment of the lower cervix and the vagina in a wide array of conditions by distending the vaginal canal with ultrasound gel while performing pelvic sonography. We utilized this procedure when patients were found to have a vaginal or cervical mass at physical exam, when a soft tissue mass within or adjacent to the distal cervix was suspected on a preliminary sonogram, or when an abnormal vessel was found within the cervical canal at Doppler sonography.
Technique
A 60 cc Luer-lock syringe filled with ultrasound gel was utilized. The gel is obtained from a bottle kept within an automated warmer. Despite the warmth of the gel, we have not found it excessively runny, and it enhances patient comfort and tolerance. Air within the gel-filled syringe should be kept at a minimum to eliminate sonographic artifact. We have found it helpful to hold the empty syringe firmly within the gel container and fill the syringe by applying steady suction. The syringe is then inverted and any excess gas within the tip of the syringe is expelled. Smalls scattered air bubbles will likely remain throughout the gel-filled syringe but should not significantly degrade the ultrasound exam (Video 1). The examiner's fingers part the labia, and the syringe is held firmly against the introitus to prevent leakage while the ultrasound gel is infused ( Figure 1 ).
Lower volumes of ultrasound gel or even saline should be used with small, stenotic, or obstructed vagina canals, although the lower viscosity of saline leads to rapid reflux out of the vagina. A smaller syringe, Foley catheter, or angiocath can be used to distend a severely restricted vaginal canal. Lesser degrees of vaginal canal distention may be achieved following saline infusion sonohysterography by deflating or removing the balloon catheter while the saline flows from the uterine cavity into the proximal vaginal canal.
Images of the vaginal walls, cervix, and external os should be obtained in multiple planes (Figure 2) . The distal vaginal canal should be studied initially by shallow insertion of the transvaginal ultrasound transducer. Evaluation of the cervix should be performed at the end of the procedure, as the ultrasound gel tends to disperse with deeper insertion of the transvaginal transducer. Video clips and 3D data sets are helpful supplements to the acquired images.
This procedure adds approximately 10 minutes to the examination time. Sonovaginography is a newly described procedure and there is no Current Procedural Terminology code or reimbursement currently available.
The exam was well-tolerated by patients, with no reportable complications.
Vagina

Normal Vagina
The vagina is a midline fibromuscular tubular structure of variable length that extends posterosuperiorly from the vestibule to the uterus. Anatomically, the vagina can be divided into upper, middle, and lower thirds by the lateral fornices, bladder base, and urethra, respectively. The superior end of the vagina is termed the vaginal vault. The anterior, posterior, and lateral fornices are formed as the vagina surrounds the cervix. The posterior wall is typically longer and terminates in the posterior fornix. 6, 7 The vaginal wall is composed of mucosal and muscular layers and the adventitia, which connects the vagina to the surrounding pelvic structures.
Ultrasound demonstrates the vagina in the midline sagittal plane as a collapsed, hypoechoic tubular structure with a central hyperechoic echo representing the apposed surfaces of the vaginal mucosa. The vagina is shorter and the mucosa is less echogenic after menopause due to loss of estrogen stimulation.
8 Figure 1 . Drawing of sonovaginography procedure. The syringe is placed at the introitus with ultrasound gel (g) used to distend the vaginal canal, delineating lesions such as a cervical polyp (*).
Vaginal Cysts
Vaginal cysts are found in 1% to 2% of females, are usually benign, and are most commonly seen in the third and fourth decades of life. They are most often an incidental finding on physical examination. When symptomatic, cysts may present with mild discomfort, pressure, or urinary symptoms such as incontinence or obstructive voiding. Types of vaginal cysts include epidermal cysts, m€ ullerian cysts, and Gartner's duct cysts. Bartholin's gland cysts are located in the nearby vestibule. 9 Epidermal inclusion cysts typically occur following surgical procedures, secondary to buried epithelial fragments, and are the most common non-embryologic type of vaginal cyst. Epidermal inclusion cysts are frequently found at the apex of the vaginal cuff following hysterectomy. They vary from a few millimeters to several centimeters in diameter. Histologically, these cysts are lined with stratified squamous epithelium and may contain sebaceous material. Cysts lined by squamous epithelium but not associated with buried glands are termed epidermal cysts. 10 M€ ullerian derivative cysts are the most common type of vaginal cysts and tend to be located in the anterolateral wall of the vagina, but have been reported at various locations within the vagina. Most of these cysts are small and asymptomatic and require no treatment, but rare symptomatic cases may warrant excision. Histologically, they are lined by mucinous epithelium but may be lined by any epithelia of m€ ullerian origin and arise from embryologic remnants of the paramesonephric duct.
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Gartner's duct cysts arise from vestigial remnants of the mesonephric ducts, which extend from the mesosalpinx and broad ligaments into the cervix. These cysts are usually found along the anterolateral vaginal wall with an average size of 2 cm. The distinction between Gartner's and m€ ullerian cysts is clinically irrelevant. Gartner's cysts can be associated with abnormalities of the metanephric urinary system, including ectopic ureter and unilateral renal agenesis/hypoplasia. Awareness of this association may prompt the clinician to further image the genitourinary tract when evaluating patients with Gartner's duct cysts. 12 Ultrasound of vaginal cysts reveals an anechoic or echogenic thin-walled cyst. Cysts within the proximal vaginal wall may be indistinguishable from the cervix. Anterior wall vaginal cysts may be confused with urethral diverticula. 13 Sonovaginography clearly demonstrates the origin of these cysts from the vaginal wall rather than the cervix or urethra (Figure 3 ).
Vaginal Polyps
Vaginal fibroepithelial stromal polyps are benign lesions that generally occur in late reproductive life, less commonly during pregnancy, and rarely during infancy. These lesions may exhibit an ambiguous histogenesis and therefore have been described under a variety of terms that include myofibroblastoma, sarcoma botryoides-like lesions, and pseudosarcoma botryoides. Given the wide range of histological appearances, they may be misinterpreted as malignant.
The pathogenesis of vaginal polyps is poorly understood, but a reactive process in response to chronic irritation or hormonal imbalances has been postulated. Tamoxifen-related vaginal polyp formation has been described. In a study of 20 polyps, more than one-half of the cases were discovered incidentally during vaginal examination, with the remaining cases presenting as a palpable mass, postcoital bleeding, or postmenopausal bleeding. 14 The treatment of choice for vaginal polyps is local excision. Recurrence may occur if resection is incomplete. [14] [15] [16] [17] [18] These masses are inconspicuous with conventional sonography. An isoechoic polypoid mass protruding from the vaginal wall is evident at sonovaginography, containing a central vessel on color Doppler ( Figure 4 ).
Vaginal Leiomyoma
Leiomyoma of the vagina is a rare tumor occurring most commonly in the fourth decade of life. Contrary to their uterine counterparts, which are more common in black women, these tumors are seen more often in white women. There has been no correlation between the presence of leiomyomata in the vagina and any other site. These masses may be asymptomatic or may cause dyspareunia, vaginal pain, or dysuria, and are typically found along the anterior wall of the vagina. Their size varies from a few centimeters to large masses that may require preoperative embolization. A link between vaginal leiomyomata and estrogen dependence has been reported. Vaginal leiomyomata are well-encapsulated and firm masses, but consistency may vary with the same spectrum of degenerative changes found in uterine leiomyomata. Their rarity and variable consistency account for difficultly in preoperative diagnosis, as leiomyosarcomas may also occur within the vagina. 22, 23 Transvaginal excision of the tumor is the treatment of choice, with an abdominopelvic approach and preoperative embolization preferred for larger tumors. Recurrence is rare and usually indicates an underlying malignancy. 21, 24 The sonographic appearance of vaginal leiomyomas is similar to that of uterine fibroids. They are typically well-circumscribed hypoechoic intramural masses with posterior acoustic shadowing and calcifications. 25, 26 The mass is demonstrated within the muscular layer of the vaginal wall at sonovaginography ( Figure 5 ), a feature crucial in discriminating a vaginal wall leiomyoma from the more common prolapse of a submucosal uterine leiomyoma into the vaginal canal.
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Vaginal Stenosis
Vaginal stenosis is a condition most commonly acquired after radiation treatment for pelvic malignancies, as nearly one-third of patients are affected after pelvic radiation. The incidence of vaginal stenosis after surgery and pelvic radiation is highly variable and is related to the type of surgical procedure, as well as the type and dose of radiation administered. Stenosis may also occur on a congenital basis or after vaginal reconstructive surgery.
The vaginal canal becomes narrowed, shortened, and reduced in elasticity. Symptoms include dyspareunia and difficult vaginal intercourse. In severe cases, the vaginal examination may be impossible and imaging becomes the preferred method of noninvasive evaluation. [27] [28] [29] Sonovaginography demonstrates the length, level, and severity of narrowing of the vaginal canal. Saline is typically used rather than ultrasound gel to prevent chronic retention of inspissated gel. Patient discomfort and a narrowed vaginal canal often preclude transvaginal sonography in these patients, and transabdominal and/ or transperineal sonovaginography becomes the preferred approach ( Figure 6 ; Video 2).
Congenital Vaginal Septum
Vaginal septa may be longitudinal or transverse, partial or complete. A transverse septum results from failure of m€ ullerian duct and urogenital sinus fusion or canalization, primarily at the junction of the upper and middle thirds of the vagina. They are usually partial and nonobstructing. Longitudinal septa arise from a defect of lateral m€ ullerian duct fusion and are most often associated with septate and didelphic uteri. The septum is composed of fibrous tissue with vascular and muscular components. Obstruction may result in a unilateral hematocolpos with a longitudinal septum. Obstruction in a transverse vaginal septum may mimic an imperforate hymen. Dysmenorrhea, dystocia and dyspareunia are the most common indications for the excision of vaginal septa. [30] [31] [32] [33] Treatment is unnecessary for asymptomatic longitudinal septa.
Vaginal septa are poorly demonstrated with ultrasound unless there is obstruction with a unilateral hematocolpos within a hemivagina, characteristic of obstructed hemivagina and ipsilateral renal anomaly (OHVIRA) syndrome. 34, 35 Sonovaginography can demonstrate the septum following distention of the nonobstructed vaginal canal (Figure 7 ).
Condylomata Acuminata
Condylomata acuminata (anogenital warts) may occur anywhere along the anogenital area, are strongly associated with human papilloma virus (HPV) subtypes 6 and 11, and have a low risk for malignant transformation. Condylomata acuminata may occur as a single lesion but are typically multiple with an elevated papillary and corrugated appearance. They respond well to local treatment, although local recurrences are common. 9, 36 Differential diagnosis includes condyloma lata (syphilis), which are usually flat lesions, squamous cell malignancy, polyps, and angiofibroma. A giant form of condyloma may appear as a large, slow-growing, cauliflower-like lesion involving the genitourinary tract with obstruction, secondary infections, hemorrhage, and fistula formation. 37, 38 Sonovaginography demonstrates and an irregular rugose plaque-like raised lesion along the vaginal wall with increased Doppler vascularity (Figure 8 ; Video 3).
Fallopian Tube Prolapse
Prolapse of the fallopian tube is a rare complication associated with hysterectomy, with a median occurrence of 122 days postoperative. 39 In a review of 51 patients with fallopian tube prolapse, 50 of the cases followed a total hysterectomy, with only 1 case occurring after a subtotal hysterectomy. 39 This entity results from herniation of the fallopian tube through a dehiscence of the vaginal cuff and was first described by Pozzi. 40 Young age or premenopausal status have been implicated as risk factors, perhaps due to early resumption of sexual intercourse prior to complete healing of the vaginal cuff. Poor physical condition, chronic cough, postoperative cuff infection, or hematoma formation have also been suggested as contributing factors. Despite the belief of a higher association after laparoscopic hysterectomy, more than two-thirds of reported cases have occurred after abdominal hysterectomy. 41 Most cases of fallopian tube prolapse are symptomatic and include vaginal discharge, bleeding, dyspareunia, and lower abdominal or pelvic pain. At gross inspection, fallopian tube prolapse appears as a red vaginal outpouching with a differential diagnosis that includes granulation tissue, vaginal adenosis, endometriosis, vesicovaginal and ureterovaginal fistulas, as well as primary or metastatic adenocarcinoma. 42, 43 Biopsy is the most frequently used modality to diagnose fallopian tube prolapse and should be obtained from any lesion within the vaginal vault that bleeds easily and persists despite cauterization. No consensus exists about the ideal method of surgical repair. Treatment is abdominal, vaginal, or combined laparoscopic surgical repair. 44, 45 Sonographic demonstration of fallopian tube prolapse has not been previously reported to our knowledge. Our two cases at sonovaginography demonstrated a tubular isoechoic structure passing through a vaginal cuff wall defect and terminating in a bulbous frond-like shape, representing the fimbriated end of the fallopian tube (Figure 9 ).
Fistula
Fistulas between the vagina and urinary tract may develop following gynecologic surgery, malignancies, pelvic inflammation, radiation therapy, or complicated childbirth. Vesicovaginal fistulas comprise the majority of urogenital fistulas, with ureterovaginal fistulas accounting for nearly one-quarter. 46 Presentation is typically of persistent urinary leakage. The diagnosis is made clinically using a dye test or imaging with contrast enhancement of the uterus, vagina and/or urinary bladder. 47 Sonovaginography may demonstrate a fistulous defect in the vaginal wall but will be unable to identify the communication with the urinary tract ( Figure 10 ).
Malignancy
Primary malignancy of the vagina comprises approximately 3% of adult gynecologic malignancies. The vagina is more commonly involved by metastatic invasion from adjacent malignancies, such as the cervix, vulva, bladder, and rectum. The tumor should be classified as carcinoma of the vagina only when the primary site of the growth is the vagina. 48 Squamous cell carcinoma is the most common type, usually occurring in women older than 60 years.
Risk factors are similar to those associated with carcinoma of the cervix. Vaginal intraepithelial neoplasm is a precursor lesion nearly always associated with HPV infection, and more than one-half of the cases of squamous cell carcinoma of the vagina are associated with the presence of HPV DNA. 49 The most common symptom is vaginal bleeding, but up to 20% of patients are asymptomatic. The proximal third of the vagina is most commonly involved, especially the posterior wall. Tumor spread is by continuity to the paracervical tissues, vulva, bladder, and rectum. 49 The standard treatment is radiotherapy, and more recently, concurrent chemotherapy. Surgery is reserved for accurately selected cases. 50 The diagnosis is usually made at physical exam with biopsy and vaginal cytology. Large tumors may prevent vaginal examination, and magnetic resonance imaging with intravaginal gel or transabdominal sonovaginography has been useful in defining the extent of the neoplasm. 51 Sonovaginography demonstrates a thickened irregular vaginal wall or infiltrative mass protruding into the vaginal lumen (Figure 11) . A vaginal wall mass possessing poorly defined margins with adjacent structures but with a smoothly marginated surface of the vaginal canal is more likely to be metastatic ( Figure 12 ). Chronic inflammatory changes related to previous surgery, infection, or radiation might also simulate malignancy ( Figure 13 ). 
Cervix
Normal
The lower 2 to 3 cm of the uterus comprises the cervix and consists primarily of fibrous tissue and approximately 15% smooth muscle. The vaginal wall attaches to the mid-cervical wall, producing a supravaginal segment and an infravaginal segment (portio vaginalis), which are nearly equal in length. The cervical canal is 7 to 8 mm in maximum diameter but varies with age and parity. The canal communicates with the isthmic segment of the uterine cavity via the internal os, and with the vaginal vault via the external os. 52 Sonovaginography excels at demonstrating the portio vaginalis and external cervical os, with 3D rendering capable of producing a virtual speculum view of the cervix (Figures 2 and 14; Videos 1 and 4) .
Cervical Polyps
Polyps are the most common lesions of the cervix and are considered focal hyperplastic protrusions of the endocervical folds rather than true neoplasms. 53 Polyps are teardrop-shaped masses with a fibrous core and columnar or squamous epithelium, and originate from the endocervical canal or, less frequently, the portio vaginalis. Abnormal response to hormones, high estrogen levels, and chronic inflammation have been proposed as etiologic factors. 54 Most cervical polyps are asymptomatic and found incidentally, usually in peri-and postmenopause 55 , but may be found at any age. Patients may also present with abnormal vaginal bleeding. The prevalence of malignancy and dysplasia is relatively uncommon (0.1% and 0.4%, respectively). 56 Pathological evaluation is needed to confirm and/or rule out other diagnoses. Cervical polyps located within the endocervical canal may be identified at conventional transvaginal sonography. A polyp or polyps protruding through the external cervical os and into the vaginal canal are best demonstrated with sonovaginography. The indication for performing a sonovaginogram was suspicion of a mass at the external os on either physical exam or transvaginal sonography. An abnormal-color Doppler vessel within the cervical canal was also a key indicator of the possibility of a polyp and the need to perform a sonovaginogram. Cervical polyps appeared as an ovoid or finger-like hypoechoic or hyperechoic mass with cystic changes protruding through the external cervical os. A central feeding artery and draining vein were present within the polyp at color Doppler (Figures 15-17 ; Video 5). Dynamic palpation with the endovaginal transducer demonstrated a soft, mobile, deformable mass (Video 6). Multiple cervical polyps may rarely occur ( Figure 18; Video 7 ). An unexplained central cervical vessel on color Doppler without an associated cervical mass at sonovaginography was also encountered ( Figure  19 ).
The high association of cervical polyps with endometrial polyps, particularly in postmenopausal women, 57 necessitates sonographic or surgical evaluation of the endometrium. Doppler assessment of the length and origin of the vascular stalk aids in the clinically important distinction between an endometrial polyp that has migrated into the cervical canal and a cervical polyp. A long vessel extending from the endometrium into the cervix indicates an endometrial polyp (Figure 20) , whereas a vessel arising from the cervix is found with cervical polyps. 
Cervical Leiomyoma
Cervical leiomyomata are relatively uncommon, with a reported prevalence of less than 4% of all uterine leiomyomas. 58 Cervical leiomyomata may be tumors originating from the cervical wall or submucosal uterine leiomyomata. A prolapsed cervical leiomyoma occurs when a pedunculated submucosal uterine leiomyoma is expelled from the uterine cavity into or through the cervical or vaginal canal. Twisting of the pedicle may cause impairment of the blood supply with infarction and, rarely, pyometra. These leiomyomata may be detected on physical examination after prolapse into the vaginal canal. Sonography, and especially sonovaginography, can delineate the size, degree of prolapse, and site of origin of the pedicle of the leiomyoma more clearly than the physical exam. These factors aid in preoperative surgical planning, such as hysteroscopic versus direct vaginal myomectomy and the need for cervical dilatation ( Figure  21 ). 59, 60 Cervical Malignancy Cervical cancer is the third most common gynecological malignancy in the United States and is usually of epithelial origin, caused by oncogenic strains of HPV. 61 The most common cervical carcinomas are squamous cell carcinomas (75%), adenocarcinomas and mixed adenosquamous carcinomas (20%), and small cell neuroendocrine carcinomas (5%).
Cervical cancer remains a clinically staged disease despite the inherent limitations of physical examination. The FIGO staging system does not include crosssectional imaging in its classification, but imaging techniques are encouraged to assess important risk factors and are now considered complementary to clinical assessment. 62, 63 Abnormal vaginal bleeding, leucorrhea, dyspareunia, and dysuria are common symptoms.
Ultrasound demonstrates an ill-defined heterogeneous hypoechoic mass with Doppler hypervascularity. 64 ( Figure 22 ). Uterine malignancies may extend into and through the cervical canal, resembling a primary cervical malignancy. 65 
Uretha
Urethral Diverticulum A urethral diverticulum is a focal outpouching of the urethra into the periurethral fascia. Communication with the urethra is maintained with an epithelial lining identical to the urethral mucosa. The majority of diverticula are acquired, likely due to rupture of obstructed and/or infected glands into the urethral lumen, and are most commonly located in the middle third of the urethra. The reported incidence is 0.6% to 6% of women, particularly between 30 and 60 years of age. Most patients present with nonspecific symptoms including dysuria, dyspareunia, tender anterior vaginal wall mass, and post-void dribbling, while others may be asymptomatic or found during evaluation for recurrent urinary tract infections. 67 The diagnosis may be challenging, and the key distinguishing feature from periurethral or vaginal cysts is communication with the urethral lumen and its typical lateral or posterior location with respect to the midurethra. Size, number, location, contents, mass effect, and position of the neck can be assessed with imaging and are crucial for preoperative surgical planning. Rare cases of malignancy within urethral diverticula have been reported, the majority being adenocarcinomas rather than the squamous cell malignancy found in most urethral cancers. Treatment options include transvaginal and transurethral diverticulectomy with postsurgical recurrences varying from 1% to 29% of cases. [68] [69] [70] Transvaginal or transperineal ultrasound demonstrates a periurethral cystic lesion, communicating with the urethra. 71 Sonovaginography can better demonstrate the anatomic relationship between the cystic mass, urethra, and vaginal wall ( Figure 23 ; Video 8).
Conclusion
Abnormalities of the lower genital tract are frequently inconspicuous on pelvic sonography, as assessment of this region is compromised by anatomic and technical factors. Distention of the vaginal canal with ultrasound gel is an effective adjunct to conventional pelvic sonography for improving detection and characterization of cervical and vaginal pathology.
Lesions protruding into the vaginal vault such as polyps, neoplasms, or fallopian tube prolapse are readily identified and are distinguishable when characteristic sonographic features are present.
Cervical polyps, followed by submucosal leiomyomata, were the most common abnormalities encountered within or originating from the cervical canal. The size, degree of prolapse, and point or origin of the mass were important features in discriminating between these masses, and also in planning the surgical management of these conditions. Malignancies of the vagina are most frequently metastatic, but distinction from primary cancers of the vagina, cervix, or even uterus is difficult with larger locally invasive masses. Demonstration of a normal cervix or vaginal canal at sonovaginography is a pertinent discriminating feature that indicates the likely source of the malignancy.
Sonovaginography is a safe and easily performed technique for improved sonographic evaluation of the lower genital tract.
